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Four  more  or  less  unrelated  subjects  have  boon 
under  investigation  during  the  pant  si::  month®.  Sach 
has  been  the  outgrowth  of  previous  work,  or  is  in  soma 
way  related  to  it.  Ihaa*  subjects  are*  1)  purity  of 
chromium  films  reported  on  in  tho  previous  isuue  of  this 
series;  2)  use  of  a  laser  beam  as  an  evaporating  source, 
since  this  appears  as  a  possible*  way  of  evaporating 
refractory  materials;  3)  smooth nos a  of  substrates  — 
a  study  necessary  because  of  previous  difficulties 
already  reported  on;  and,  4)  evaporation  by  means  of 
electron  bombardment  --  again  as  a  possible  means  of 
evaporating  refractory  materials. 


L>h*a?f  m  cdikixmm 

Samples  of  •viiptci.-atc.-J  fthccni'nn  films  (similar 
to  those  whoa®  optical  prrop-^ti^a  ':or&  discu^cd  .in 
the  previous  report  ot  this  *^£-ss?  ©ani.  to  thti 

Consolidated  Blectrody'r^Aci.-  tlorpctratioa  (CEC)  for 
mm  epcctrographio  ennlyoi...  iH;a  files  »;©rv  dcp©~Ata'3 
on  Float  glass  menttfacturcd  by  t*il?d.agtcis  Bros.,  Ltd., 
of  England.  Deposition  vas  a.»c;»  ?r<x;-.  e  eozze-a  com;:' st¬ 
ing  of  10  parallel  0.040"  wirae  of  commercial  tw-gsten 
wire  obtained  from  the  Conasrai  Electric  company. 
Evaporations  wore  completed  in  tim-BS  of  3  sccor.de  or 
less.  The  impurity  contest  of  the  taangsten  vdre  m.d 
the  analysis  of  ths  materials  in  t2vs  glass  er«  not  laiown. 
Prom  enalysea  of  chromium  prepared  :la  tho  earn®  batch 
ao  that  uo<&d  (by  the  Albany  Metallurgy  Research  Center 
of  the  17,  3,  Deportment  oS  the  Interior  Bureau  of  H.nos ) , 
it  is  siitisr&ted  to  contain  tho  following  impuritieo,  in 
parta  pax  million*  120  oxygen,  5  hydrogen,  lese  than 
20  nitrogen,  SO  carbon,  and  trace  amounts  of  aluminum, 
iron,  silicon  and  nickel. 
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In  a  preliminary  survey  at  CSC  by  Hr.  J. 

Me  Cleary,  trace  amounts  (probably  less  than  10  ppm) 

# 

war*  observed  of  Mnr  P®,  Sny  8b,  and  Cu, 

Further  work  ic  under  way  to  obtain  a  better 
analysis  by  using  undoped  tungsten  v/ire  (supplied  by 
General  Electric)  ao  a  source  and  ovaperating  chromium 
onto  fused  quarts  substrate#  (tzvipplied  by  Cor  ring) „ 
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USE  OP  LASER  Bgftjfl  AS  EVA PORA'i  IMG  SOURCE 

.  It  has  been  auggas  ted  a  nuaibar  of  tints  that  the* 

4 

focused  basis  from  a  laaar  might  b«  --lead  as  a  possible 
evaporating  source,  a  inn®  th»s  enarg/  zz-y  b»  fczueod  onto 
an  area  which  is  appr ok imu taly  chat  of  the  Airy  disc 
du®  to  the  diffraction  limitation  of  the  r;iza  of  the 
laser  rod.  For  a  ruby  laser  operating  at  approximately 
7000  %  and  using  a  0.6  cm  dia&ote^  rod,  the  area  of 
the  Airy  disc  When  the  laser  bean  is  focused  is 
approximately  6  x  10~8cm2,  Tnuu,  even  with  imperfect 
focusing,  vary  high  energies  per  unit  area  can  fca  achieved. 
If  the  energy  in  the  flash  can  ba  absorbed  by  the 
material  vrtilch  is  being  irradiated,  evaporation  nay  rssult. 

The  thickness  of  an  evaporated  film  is  inversely 
proportional  (approximately)  to  hhs  product  of  heat 
of  vaporization  by  density.  Thus,  assuming  uniform 

f 

’  evaporation  to  the  half-sphere* 

t  >*  Q  X  10^ 

2  TT  r 2  JFV^ 
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where  q 


in  tha  energy  absorbed,  in  joules 

r  tha  distance  between  aourca  and  substrate 

J  ia  Joule's  constant;  (4.18  x  10^  joules/k  cal) 

Hy  ia  tha  hsat  of  vaporisation  in  k  cal 

gm 

J  ia  tha  den* icy  in  gm/cmr 
t  ia  tha  thicknosc  in  Angstroms 

Tha  haat  of  fusion  and  tha  contribution  duo  to  change 
in  temperature  in  tha  liquid  phaes  have  bean  neglected. 

values  of  tha  product  Hy^  are  shown  in  tha 
accompanying  chart.  It  will  bo  noted  that  the  refractory 
metals  of  interest  have  values  ranging  front  15-20  k  cal/c»3. 
8inca  tha  reflectivities  of  than#  materials  are  high, 
it  will  probably  be  necessary  to  use  than  in  powdered 
form. 

Calculations  for  tungsten  indicate  that  with 
r  ■  5  cb  one  night  expect  a  filn  thickness  of 
approximately  8  Angstroms  par  joule  absorbed.  From 
data  in  Landolt-Bornstein  tha  reflectivity  of  tungsten 
ia  close  to  5094  (at  6500  %)  and  hence  there  ia  an  expected 
thick!,*.  Of  4Vjoia.  MitUd. 


Vapor i station  ip  kilocalories/  by  Density  in 


Xn  an  aacparlweatal  arrangement  using  the  figures 
given  above,  a  total  energy  output  {using  manufacturer's 
data)  of  30  joules  gave  a  barely  detectable  film  — 
certainly  much  less  than  the  120  A  expected.  Aa 
electron  micrograph  shewed  a  highly  particulate  structure 
with  widely  scattered  clumps  of  the  range  50  -  150  A 
hi  sisa*  There  was  also  soraa  evidence  of  impact  effect 
on  the  supporting  collodion  substrate  as  though  each 
cluap  of  tungsten  had  arrived  at  the  substrate  as  a 
single  pellet  Which  then  depressed  the  substrate  for 
an  appreciable  area  in  the  vicinity  of  the  impact  point. 
Nora  work  must  be  done  here  to  verify  this  or  establish 
it  as  artifact. 

The  above  experiment  made  use  of  powdered  tungsten. 
An  earlier  attempt  using  aheat  tungsten  gave  no 
observable  film,  but  the  eheet  tungsten  showed  damge 
Atom  Idle  radiation. 


SHOOWgBSS  Of  8UBSTHATg8 


In  several  pruvioui  reports  in  this  a arias 
mention  has  been  made  of  an  experimental  difficulty 
Which  has  arisen  in  the  attempt  to  d^texsiine  refractive 
index  and  extinction  coefficient  by  measurement  of 
reflectance,  transmittance  end  thickness.  Hie 
measured  values,  with  the  assignable  error  will  not 
yield  values  of  refractive  index  and  extinction  coef¬ 
ficient.  For  example,  if  the  ateaaured  (corrected) 
transmittance  value  ia  located  on  the  calculated 
curves  of  t  vs  b/\  for  *  particular  n  and  k,  the 
measured  value  of  reflectance  is  always  too  law  to 
fall  on  the  corresponding  calculated  curve  of  R  vs  s/<*. 

A  possible  source  of  this  difficulty  in  the  case 
of  very  thin  metal  films  is  the  surface  roughness  of 
the  substrata  material.  If  the  substrate  la  not 
molecularly  smooth,  then  the  deposited  film  will  not 
be  a  plane  slab  with  parallel  sides,  since  the  films 
have  thicknesses  of  the  order  of  100  -  200  8.  The 
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ealeulatod  oumi  of  I  and  T  vs  a/A  unm  such 
gsomatry,  Zn  addition  to  tha  surface  roughness  of 
the  substrate,  there  will  laarlttUy  ba  superposed  tha 
elusp  structure  of  tha  fila  itaaif, 

Ikon  preliminary  measurements,  It  is  now 
believed  that  substrates  previously  us  ad  any  haws  had 
a  surface  roughness  of  tha  order  of  100  X  or  ears, 

Iw  fused  quarts  substrates  have  just  bean  received 
dildi  ware  optically  polished  by  tar,  Iked  Pearson  of 
tiia  Hooky  Mountain  Scientific  Instrument  Company  using 
special  techniques. 

An  attaapt  to  evaluate  their  surface  roughness 
has  been  aade  by  observing  the  "noise"  on  Fiseau 
interference  fringes,  two  such  plates  ware  selected 
Which  had  surfaces  flat  (as  contrasted  to  smooth)  to 
better  titan  A  Ha/10  •  Qtese  were  then  coated  with 
silver  to  a  transmission  of  4%  in  a  rapid  evaporation, 
The  plates  ware  approximately  one  inch  square.  Diey 
were  arranged  such  that  there  were  only  two  fringes  in 
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the  surfaces  under  observation.  Measurements  wars 
sndc  with  s  traveling  microecope  of  fringe  width 
relative  to  fringe  spacing.  She  fringe  width  was  taken 
ee  the  actual  fringe  line  plus  its  associated  noise  due 
to  surface  roughness,  Results  on  ms  such  pair  of 
surfaces  yielded  a  fringe  width  of  35  +  10  X,  Since 
the  contribution  to  the  noise  is  due  to  both  surfaces, 
it  appears  that  the  plates  are  probably  smooth  to  20  X 
or  lass. 

Plata  Z  shows  typical  photographs  of  the  fringes. 

The  photograph  (a)  shows  fringes  occurring  between  a 
polished  plate  of  fused  quarts  of  the  type  previously 
used  in  this  work  and  one  of  the  new  plates  discussed  above 
Measurements  of  fringe  noise  yield  a  surface  roughness  of 

100-200  X. 

Photograph  (b)  shows  fringes  occurring  between  two 
plates  of  Corning  fused  quarts  polished  by  Pear eon.  The 
double  fringe  is,  of  courss,  dus  to  the  Ka  line.  Although 
the  photograph  ia  not  an  ldaal  example,  it  will  be  noted 
by  comparison  with  (a)  that  the  fringe  noise  is  quite  snail 


PLATE  I.  I:,t»pf'-:P3r.Q3  frin  no  Y-tnr-’ri  various  r  ollsh-d  quartz  and  film  sample. 
oS3  acncmp  anyiti  text  for  -xr  lanation. 


photograph  (e)  la  ihows  for  eoaparisoa.  lha 
lowar  quarts  plat#  la  again  ona  of  tha  Corning- Paaraoa 
staplas,  utiila  tha  uppar  plata  is  ona  of  tha  oldar  quarts 
plataa  aoatad  with  Tiop.  fba  aolaa  plaids  sarfaoa 
roughaaaaaa  of  tha  or  dor  of  200-300  X.  Slnca  tha  TlOj 
film  was  also  this  ordor  of  thiclcnsss,  it  la  apparsnt 
that  this  roughnaaa  nay  hava  algnifloantly  lnfluaooad  tha 
raaulta  of  tha  naaauraaianta  of  optical  constants  of  Ti<>2» 
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EVAPORATION  BY  ELECTROM  BOMBARDMENT 


Several  type*  of  electron  bombardment  heaters  have 
been  tried  as  high  purity  sources  for  the  preparation  of 
thin  films.  The  first  type  of  heater  tried  wa6  a  large 
carbon  crucible,  about  1 "  in  diameter  and  % "  in  height, 
mounted  on  a  wire  which  was  supported  from  a  high  voltage 
Insulator.  TOie  crucible  was  then  placed  at  a  high  positive 
potential  (4000  volts),  A  40  mil  W  filcment  at  ground 
potential  surrounded  the  crucible  to  act  as  an  electron 
source.  Currents  of  the  order  of  200  ma  could  be  made  to 
flow  at  around  500  volts.  More  power  could  tot  be  nut 
into  the  system  because  of  a  power  supply  maximum  of 
200  ma.  No  heating  of  the  crucible  was  observed  even 
though  over  e  hundred  watts  was  being  put  into  ths  crucible. 
It  is  possible  that  many  of  the  electrons  were  flowing  to 
the  wire  rather  than  the  crucible.  Also,  since  the  crucible 
was  so  large,  a  large  amount  of  energy  was  required  to 
raise  its  temperature  appreciably. 


A  difficulty  that  arose  here  and  in  subsequent 
investigations  was  th«  problem  of  glow  dischargo  in  ths 
vmuw  system  dua  to  ths  pr scenes  of  ths  high  voltage. 

Glow  discharge  occurred  only  then  the  high  voltage  was 
on  and  the  filament  had  been  heated  to  just  below  its 
emitting  temperature.  When  the  glow  discharge  occurred, 
the  pressure  would  rise  rapidly  and  the  current  between 
the  crucible  end  ground  grew  large.  At  this  point  the 
high  voltage  would  have  to  be  ehut  down  until  the  vacuus, 
had  been  restored  in  the  chamber.  By  goinq  through  this 
procedure  several  times  the  chamber  could  be  sufficiently 
outgaseed  to  allow  the  experiment  to  be  carried  out. 

A  sore  suitable  container  was  built  to  house  the 
filament  and  target.  St  consisted  of  a  can  with  a 
removable  lid  which  also  had  a  hole  in  it  through  which 
the  vapor  could  paas.  A  hols  was  made  in  the  bottom  in 
which  an  insulator  could  be  pieced  to  support  ths  crucible. 
Two  insulators  were  provided  inside  the  container  to  support 
the  filament.  However,  this  did  not  solve  the  problems  of 
sagging  filaments,  malting  insulators  or  low  power  input 
due  to  pewer  supply  limitations. 
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•So  solve  the  problem  of  malting  insulators  tha 
crucibla  was  mounted  on  a  piece  of  40  all  W  wire  about 
2"  long.  Tha  viva  waa  clasped  in  a  braaa  ahank  vftiich 
was  in  turn  mounted  on  a  2"  Insulator.  The  filament  and 
powar  pr oblasts  vara  solved  by  smies ion- limiting  tha  currant, 
ibis  waa  dona  by  making  two  sharp  bands  in  tha  filament. 

In  thia  way  tha  haating  of  tha  filament  could  bs  localized 
in  tha  bands,  and  could  also  ba  accurately  controlled  by 
regulating  tha  filament  currant.  Thus,  tha  amission  was 
held  at  a  desired  level  allowing  tha  voltage  and  hence  the 
powar  to  ba  varied  over  a  vide  range. 

Under  these  conditions  powar  input  of  the  order  of  a 
kilowatt  could  ba  obtained.  0.5  grams  of  Al  was  evaporated 
in  1-2  seconds  after  the  high  voltage  was  turned  on. 

The  crucible  was  replaced  by  a  pieca  of  40  ail  W  wire. 
By  earefully  raising  tha  voltaga  of  tha  wira  to  5000  volts 
and  turning  the  filamant  currant  to  maximum,  the  section  of 
the  wire  in  the  same  plana  aa  tha  amission  center  of  the 
filament  could  be  melted.  However,  the  molten  tungsten  ran 
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down  the  side  of  the  wire  bo  no  evaporation  took  place. 
Another  problem  observed  was  that  although  the  filament 
was  heated  for  maximum  emission,  only  50-60  ma  current 
could  be  obtained.  It  is  possible  that  the  density  of 
electrons  around  the  small  plate  was  so  great  that  space 
charge  limitations  had  occurred. 

To  provide  for  better  control  che  tungsten  wiro  was 
suspended  from  above  in  an  apparatus  that  could  be  raised 
and  lowered  mar jally  from  outside  the  vacuum  chamber.  In 
this  way  the  tungsten  wire  could  be  adjusted  so  that  just 
its  tip  lay  in  the  plana  of  emission.  Heating  was  then 
localised  co  the  tip  of  the  wire.  Th*  tip  of  the  tungsten 
melted  forming  ft  wmail  ball  because  of  surface  tension 
offset*.  After  this  occur -red,  the  voltage  could  be  raised 
to  7000  volt®  which  caused  more  melting.  By  keeping  the 
ball  in  the  plane  of  omission  it  grew  larger,  which  in  turn 
allowed  the  current  to  increase.  When  the  power  had 
reached  about  500  watts,  the  evaporation  began  with  sparks 
flying  iu  all  directions.  Vt'  continued  as  long  as  the 
target  remained  in  the  plane  of  omission. 
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Hon*  of  the  evaporated  tungsten  collected  on  a 
glass  substrata,  however,  it  did  fora  a  fils,  on  the 
natal  substrata  holder,  which  suggests  that  the  vapor 
bacons  charged  as  it  left  the  source.  Similar  results 
were  observed  When  evaporating  a  Mo  wire,  althouqh 
only  about  one  half  as  much  power  was  required  for  the 
evaporation.  In  an  attempt  to  eliminate  the  charged 
vapor,  the  source  was  placed  at  ground  potential  and 
the  filament  wee  placed  at  a  high  negative  potential. 

The  evaporation  proceeded  in  the  same  manner,  but  again 
no  film  was  collected  on  the  substrate. 

Zt  was  then  suggested  that  if  the  vapor  were 
passed  through  a  cloud  of  electrons,  the  positively 
charged  tungsten  ions  might  collect  the  needed  electrons, 
become  neutral  and  stick  to  the  substrate.  This  possi¬ 
bility  has  not  been  thoroughly  investigated,  but  recent 
results  indicate  that  it  may  be  a  solution  to  the  problem. 

Films  of  A1  and  Ag  have  been  prepared  using  the 
electron  bombardment  technique.  In  these  esses  no 
ionisation  problems  were  encountered.  This  indicates  that 
electron  bombardment  may  be  e  method  of  producing  high 
purity  films  of  at  leaet  soma  materials. 
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